Q uantum computers promise a technological revolution that will easily surmount otherwise impenetrable problems in cryptography, quantum simulation, drug design and more. Building the hardware has been challenging, however, because unavoidable random noise from the environment readily corrupts quantum bits (qubits). On page 206 of this issue, Albrecht et al. 1 pursue an elegant strategy for sidestepping this obstruction. They discover a key property of 'Majorana modes' in superconducting wires that can be used to engineer qubits that are immune to noise by default.
A simple analogy conveys the basic notion of Majorana modes. Imagine a line of schoolchildren, each holding hands with their neighbours, leaving an uncoupled free hand at either end of the chain (Fig. 1a) . The electrons in certain exotic superconducting wires, which physicists are becoming highly adept at building, entangle in an analogous pattern 2 : half of each electron couples with its rightward neighbour and the other half couples with its leftward neighbour. Majorana modes are the leftover 'free hands' , or unpaired electron halves, at the superconductor's ends. Roughly speaking, an electron has been cut in two, and the fragments are separated across the wire.
Together, the two Majorana modes form a single quantum level that can be empty or filled by an electron (Fig. 1b) . Theory predicts 2 that the energy required to populate that state decreases exponentially as the distance between Majorana modes increases. At the extreme limit, at which the energy is exactly zero, it becomes impossible to detect this level's occupation by performing a local measurement at the wire's ends -or elsewhere, for that matter. The individual Majorana modes carry neither energy nor any other locally detectable property that could unveil the precise quantum state formed with its distant partner. Instead, that information spreads out globally across the system, securely hidden from ordinarily problematic noise sources. : half of each electron couples to its rightward neighbour, with the other half coupling to its leftward neighbour (purple dots indicate additional electrons that are similarly entangled). The free hands at the ends are analogous to Majorana modes (unpaired electron halves, separated by distance L) in the superconductor. b, These two Majorana modes form a single quantum level that can be either empty or filled by an electron. The equation represents the predicted relationship between the energy, E, needed to fill that level and L; ξ is an exponential decay constant. Albrecht et al. 1 have confirmed the exponential suppression of E as the wire length increases.
conducted mini-evolution experiments and tracked the change in frequency of individual mutations in the population. This key step revealed that groups of positive and negative mutations remained together in asexual populations. These groups competed with one another -some became common over generations, meaning that negative mutations persisted by hitch-hiking. By contrast, recombination meant that no groups of mutations persisted in sexual populations, and negative mutations did not become common.
These comprehensive experiments provide the long-awaited confirmation that sex accelerates adaptation by sorting the beneficial from the deleterious. Sex shuffles mutations between genomes, enabling natural selection to act on individual mutations more efficiently (Fig. 1) . Selection is comparatively blind in asexual populations, because the effects of individual mutations are consistently hidden in genomes.
But McDonald and colleagues' study leaves several aspects of sexual reproduction still to be clarified. First, the authors primarily examined changes of single DNA bases. However, mutations that duplicate, remove or rearrange whole segments of DNA are also important for adaptation. As the authors acknowledge, the effect of sex on these mutations remains to be evaluated.
Second, the study used yeast that has one copy of each chromosome, whereas most sexual species have two copies, and natural selection works slightly differently when there are two chromosomes. Third, most species inhabit complex environments, which have a variety of selection pressures whose strength varies over space and time. Although the current study elegantly shows how sex provides advantages during adaptation to simple environments, it is not clear how this translates to more-complex ones. Some work suggests that sex can also accelerate adaptation to complex environments 10 ; however, the underlying molecular mechanisms are not known.
Finally, we do not yet know why sex arose in the first place. One theory suggests that parasitic genetic elements, which persist in genomes despite conferring no fitness benefit, might promote cell fusion and recombination 
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Exponential boost for quantum information
Quantum computers will one day wildly outperform conventional machines. An experimental feat reveals a fundamental property of exotic superconductors that brings this quantum technology a step closer. See Letter p.206
Even more interesting multi-wire circuits enable the user to process quantum information in exquisitely precise ways, also largely immune to noise, by manoeuvring Majorana modes around one another -akin to braiding strands of hair (see ref. 3 for one promising hardware blueprint). Majorana modes are therefore widely coveted vaults for quantum information. So where do we stand regarding the implementation of noise-resistant, Majorana-based quantum computation?
Pioneering experiments 4,5 have made headlines for detecting credible Majoranamode signatures using measurements of electrical conductance in superconducting devices. (The existence of Majorana modes can be inferred from local probes, but the quantum information that they encode cannot.) Albrecht and colleagues break experimental ground by quantifying how Majorana modes evolve as they are pulled apart. The authors studied ultra-high-quality superconducting wires with lengths ranging from 330 to 1,500 nanometres, using a clever measurement scheme to determine how much energy it costs to add just one electron to the superconductor.
If Majorana modes indeed form in the authors' devices, the energy cost should decrease exponentially on moving to progressively longer wires. This is precisely what the researchers detect -uncovering a fundamental Majorana feature that is intimately related to the devices' applicability to quantum computing. The measured exponential decay constant turns out to be surprisingly short (about 250 nm), indicating that even modestly sized systems might harbour nearly ideal Majorana modes, and correspondingly ideal qubits.
Various other nuances of the length dependence for the measured energies also agree well with theoretical expectations 6 . Collectively, the data accumulated in this latest experiment seem exceedingly hard to explain using conventional physics. The results, however, offer more than just additional evidence for the existence of Majorana modes in superconducting wires: the unprecedented characterization primes the field for a fascinating new era of Majorana control.
In particular, the stage now seems set for quantitative tests of the basic principles that underlie intrinsically fault-tolerant quantum information processing. Two crucial experimental challenges for this endeavour are to develop techniques for dynamically manipulating Majorana modes -that is, to create, transport and fuse them within a single device -and to demonstrate successful readout of the hidden information encoded through their quantum states. These capabilities will, in turn, enable a wide range of experiments, even in surprisingly simple devices, that inch towards applications.
Future research should aim to quantify the protection of quantum information stored in a prototype Majorana qubit, and to meaningfully contrast its behaviour with that of conventional qubits. Braiding Majorana modes to implement fault-tolerant information processing poses another seminal challenge for the field. Proofof-principle demonstrations of these concepts could pave the way for a new generation of robust, scalable quantum-computing hardware, while offering fascinating glimpses into previously unobserved facets of quantum mechanics and a host of surprises along the way. ■ 
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